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SPMC 350: Sports Data Analysis and Visualization
Replacing a static textbook with interactive tutorials to promote student
learning through repetition
Abstract
Sports Data Analysis and Visualization isa required course for all Sports Media and
Communications majors at the University of Nebraska-Lincoln. The course is an introduction to
using data and code to reveal stories in sports data. Sports media students, as a general rule,
have very little experience with code, so the course utilizes a considerable amount of
customized content specifically tailored to the course and aimed at the level of the typical
student. Previous iterations of the course used an online static textbook, where students were
expected to follow along and execute code blocks, but the book had no facilities for student
interaction, execution and feedback. This course portfolio documents the switch from the static
textbook to an interactive set of tutorials, hosted on each student’s computer, which required
students to work through the tutorial material for credit while providing feedback where they
may have gone wrong. Students reported high praise for the interactive tutorials, fewer of
them required personalized help outside of class and grades remained similar to previous
semesters in spite of zero students withdrawing from the class for low academic performance.
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Overview

Course Description

SPMC 350 Sports Data Analysis and Visualization is a required course for sports media and
communications majors in the College of Journalism and Mass Communications. It is ideally
targeted at third-year students, but it attracts a group of aggressive second-year students and
fourth-year students trying to delay the inevitable. It has also begun to attract non-majors from
around campus from disciplines like accounting, sociology and math. SPMC 350 is currently the
only required data class in the college, but its success has started a discussion of requiring
similar courses across the college’s three other majors, given the importance of data to all
aspects of media and communication. The course serves to introduce most of the students to
the very concept of data analysis and the use of code to accomplish tasks. For most of them, it
is the most challenging application of math since high school and arguably the most challenging
course within their major. The course has a D/F/Withdraw (DFW) rate of 12.6%, which is
substantially higher than the college average of 8.5%, but lower than the SPMC major rate of
14.3%. The DFW rate among First Gen students is 17.6%, compared to 11.4% for non-First Gen
students, a gap I am motivated to reduce.

Course Goals

SPMC 350 serves as perhaps the only course in data analysis that sports communication
students may take while at the university. As such, the main goal is to give them experience
viewing sports through an analytical lens: How things are measured, how those measurements
can be aggregated and how those aggregations can tell us things that aren’t immediately
obvious on the field or court. Students should be able, after the course, to ask questions of data
and get answers. They should be able to frame those answers into a coherent narrative that
includes clear visualizations of the data that highlight something of interest. Part of that

creation of narrative involves identifying and correctly applying forms, shapes and colors to the
data to make it coherent. As part of the course, they should begin to recognize tropes in sports
media that are not based in data – gut feelings and eye tests that fill time on talk radio but have
no measurable basis. The course requires students to do all of this analysis work in code, which
requires them to document their process and use the tools of replication so others can check
their work. It requires less button pushing – which more GUI-based tools encourage – and more
actual thought to achieve a desired result. Students learn how to analyze data with code by
frequent, incremental assignments that build toward a more open ended project where they
put it all together – code, visuals, narrative.

Why this course

I chose this course for three reasons:

◼ I teach it every semester, so I have done the most work on the course to improve
student success; equity and access to materials; and the course construction and flow.
I’ve created an open access textbook students get for free that I edit on the fly to
update examples to be as relevant as possible: http://mattwaite.github.io/sports/
◼ I have a CTT grant to convert the textbook to a more interactive version where I can
provide more structure, in-the-moment hints and other more passive help to students.
My gut feeling is that a substantial amount of the DFW rate for the class is a
combination of not staying on top of assignments matched with an insurmountable
resistance to reaching out to a professor, particularly one that doesn’t look like them.
◼ I believe strongly in the purpose of the course and am making arguments that it needs
to be a requirement for more than just sports communications majors in the College of
Journalism and Mass Communications. Scaling it to more sections and more disciplines
has challenges, but for it to work, this class needs to be functioning at the highest level
possible to prove that it should be extended beyond sports.

Personal Goals

First and foremost, my goal with creating a course portfolio is to be sure that I am doing
everything I can for student success. CoJMC students (and faculty) are notoriously math phobic
and avoid anything that even smells like it. As such, I acknowledge that taking students who
think a job in sports communication means getting to watch football for a living and making
them learn how to code and do math so they can tell stories is asking a lot of them. I owe it to
them to acknowledge where they are coming from – no code experience, and what little math
they’ve had generally has anxiety and disappointment attached to it – and do everything I can
to make it possible for them to succeed while keeping the rigor of the course at a very high
level. What I have now is a sense of how things are going through formal assessments, informal
feedback and a gut feeling based on the kinds of questions I get from the self-selected group
who will message me directly on Slack. I want a more formal process and more data. Another
goal of the portfolio is to document student learning using this style of course – and this style of
interactive materials – so that we have a base of knowledge to talk about requiring other
students to do something similar. I believe in the philosophy of the course that I’ve created –
many small assignments that require incremental growth while reenforcing the previous topics
that build toward a larger, more open-ended project that applies the small learnings but forces
the students to think for themselves. I say I believe in it because that’s all that I have. So a key
motivation of mine is to test that belief. I tell my students all the time that just because you
believe player X is the greatest of all time doesn’t make it so. I would like to live my own
teaching.

In summary, my personal goals are to first reduce the DFW rate in the class, second increase
the amount of independent work and confidence the students have with their ability to code
and third raise the level of quality of the work they are producing.

The class
Teaching methods
In SPMC 350, I borrow a method from sports itself: repetitions. Want to get good at hitting a
baseball? Hit baseballs. Want to get good at golf? Play golf. Want to get good at writing code?
Write code. For most of the students, this is the first time they have ever seen or attempted to
write code, so the way to do that is through repetition. My contact time with students is in a
lecture classroom, on a Monday/Wednesday/Friday schedule and 50-minute classes. I’ve
created a pattern to fit the short class meetings. We start by talking about something going on
in sports – there’s always a game, a league or a season in progress, and typically I focus on
Nebraska sports teams. I use that discussion to segue into the specific bit of code we’re going to
talk about that day. Each class covers a single concept, and each concept is designed to be a
tool in the analysis toolbox. Each concept overlaps with the previous lesson and more often
than not reinforces it. A leads to B and to do C you have to involve A and B and so on. Each
concept is part of the major projects in the class, discussed later. While in class, I demonstrate
the concept of the day with code, and I explain the functions and show what the outcome
should look like. Students can follow along in their own coding environments, they can just take
notes, or they can just watch. It all depends on their learning style. Typically, I go over some
gotchas and demonstrate common mistakes that people make. How I measure student learning
in this environment is covered in the outside activities section.

Outside activities
In previous semesters, the outside activities in this class were divided into three parts: There is
a walkthrough in the online textbook that I’ve written, that takes students through an example
of the concept we’re working on step by step, function by function. The walkthrough holds their
hands and shows how the parts fit together. Then, using prompts in a Canvas quiz, they have to
do it again, using different data, and answering questions in a more human format. Instead of
saying “use group by and summarize to find the mean yards per play in the Big Ten”, I say “Your

boss wants to know how Nebraska compares to the average Big Ten team in yards per play.
Using what you know, copy the code that calculates this average here:” Between the class
demo and the book walkthrough, they’ve had two opportunities to see how this is done. Now
they have to apply it themselves for credit. I also have a Slack for the class where I am available
any time I am awake or not in class. I have that so I can have a dialogue with the student in the
moment they are working on the problem. I’ve found that having frustrations linger and block
progression in an assignment is a recipe for disaster and bad feelings. I tell students if they
message me on Slack and wait for a response, I can get them unstuck in less than 5 minutes.
There’s no reason to quit in frustration if you can work on it during waking hours.

Now, the online textbook is an interactive tutorial. The content is nearly the same, but instead
of a demonstration of the code, students have to follow along and fill in blanks in the code
before attempting to execute it. If the students fill in the correct pieces into the blanks, the
interactive code window rewards them with a compliment for getting it right. If they do not get
it right, it provides feedback on what it is that might be wrong. Students can keep attempting to
get the code right until they do so. There’s no limit to attempts. The point of the tutorial is to
build skills and confidence so they can apply it in the unstructured portions described above.
Students get credit for doing the tutorial exercises by having to copy and paste code from the
windows into a Canvas quiz.

A major difference between previous iterations and this iteration with the interactive tutorials
is that instead of two demonstrations and a chance to apply it, students get a demonstration in
class, a guided-but-graded walkthrough they must complete for credit and then a chance to
apply the concepts. For many students, this represents a doubling of contact with the materials,
as most of them would skip the book demonstration and go straight to the homework, relying
on me to help them instead of their own understanding.

All of this work is important because each outside activity is a building block toward the two
major projects in the semester. The two major projects are identical – students have to write a

blog post that analyzes some interesting aspect of sports using data they acquired. Their post
has to include the code they wrote to do the analysis and three graphics they create. Students
are graded on the cleanliness and simplicity of their code, the clarity of their graphics and the
quality of their writing. These projects happen deep in the semester so they have as many tools
onboard as they can get to write them. The projects are due on a Sunday night at midnight, and
then we take a week off from homework and each student presents their blog post in in class.
The presentations are light-hearted and relaxed and is a way for students to see what each
other is doing and what kind of work others are pulling off. I usually provide students several
weeks of time and advanced warning about the projects, and there are interim deadlines to
move them forward on it so they aren’t waiting until the last minute. Each small assignment in
the class provides me a means to measure their progress and understanding of each concept
and the overall concept of the class. The big projects are a way to both demonstrate learning,
but also demonstrate creative application of the concepts. They have to be independent of the
hand-holding that went on during the small assignments, and they have to do what is often so
hard in creative endeavor: find a place to start.

Course materials
I created the course
materials for this class. I
looked for other
materials; and they
were either expensive,
dated, or expensive and
dated. And none of
them embraced the

Figure 1: Code demonstration in the static textbook

philosophy I wanted to
use of small assignments that build on each other. Initially, I created an online textbook that is
free and open to anyone, but especially students. It’s at http://mattwaite.github.io/sports/ The
book is organized where one chapter = one assignment = one day in class. The book walked

students through each tool they need to do their current assignment and served as a resource
for them for the bigger assignments.

The course evaluations I got during the online textbook iterations were almost exclusively
positive about the materials, but that’s not a high bar to reach since they are free, tailored
specifically to the course so there is no unused material and updated to be relevant to the
moment, so if feels immediate instead of dated.

A selection of comments from students:
◼ “The chapters are really good. This is kind of weird to say about an instructor's work but
I'm impressed at how well the chapters teach different sections of code. You understand
how to do the things and watch out for things to make sure of while writing code, but
you also understand why you do them and how it's useful. Plus it's free, and it's easily
the most useful textbook I've had in college yet.” – Student in Fall 2021.
◼ “The textbook book and the lectures videos were incredible. Very informative and
perfectly covered each of our assignments the only thing I would wish for is more
examples on other things you can do with R studio outside of just our homework
topics.” – Student in Spring 2020.
◼ “The textbook! The big difference between other programming classes and this one is
the textbook. Without this, this class would be significantly harder. The computer
science (department) should take a lesson from this curriculum and make this a
standard for classes taught in their department.” -- Student in Fall 2019, the first
semester it was used.

For this course portfolio, I converted the textbook into a series of interactive tutorials. One
tutorial = one assignment = one day in class, though now the students must do the tutorials and
get credit for doing so,
where in the past there
was no way to require
them to do them beyond
the honor system. There
are 35 tutorials, though not
all of them are used in a
given semester. I have
several that I try each
semester, removing others,

Figure 2: Code demonstration in the interactive tutorials.

but I keep them around. Of
the 35, 32 are used every semester.

The tutorial exercises are the course in microcosm. In each tutorial, I begin with a scenario and
then the code blocks work through the scenario in steps. First we do A, next we do B, then C. At
each stage, students must fill in the blanks with contextually appropriate bits of code – variable
names, functions or conditions – so that they get the intermediate answer they need. By the
end of the tutorial, they’ve built enough steps to answer the question posed in the scenario. It’s
a microcosm of the class – each day is like a step, each week is like a tutorial, each item builds
so students can complete the project.

Student feedback of the tutorials was largely positive. The criticisms of them were mainly two
things: Two students really wanted videos to go with them. And one student complained that
several of the exercises required them to fill in the same bits several times, making them
repetitive. I did this because if they weren’t left blank, students could just look ahead and find
the answers to question 1 in question 3. The remaining feedback was positive. Here is an edited
selection:

◼ “Everything is set up in this class to help you succeed. The tutorials build upon each
other and are relevant later in the class.” – Student in course evaluation, Spring 2022.
◼ “The R Studio tutorials were extremely beneficial to my learning and success in this
class.” – Student in course evaluation, Spring 2022.
◼ “The tutorials really help reinforce what we learned in class. I take notes in class but
without those and without the tutorials, I would be completely lost on most of the
homework assignments. Sometimes they're repetitive and not difficult, but none of
them take very long and it's also good to get more reps and actually learn the concepts
rather than just going through the motions.” Student in feedback form, Spring 2022.

Rationale for the methods
It is extremely difficult for any beginner to go days or even a week between chances to use the
skills they are learning. It’s true for tennis as it is for writing code. Computer science majors
don’t go a week at a time between writing code, and they’re already inclined toward code. For
someone who has never seen it before, the best and fastest way to learn it is to do it, over and
over and over, and regularly. So each class meeting – which is three times a week -- has an
assignment due before it, which is over concepts covered in the previous class. We can then
build on that into the next one. The repetition – having to think in code and execute on ideas
regularly – is what builds the success. But it also comes with risk: SPMC350 has a relatively high
failure/withdraw rate within the college. Compared to other courses on campus, it’s not high –
8 percent over three years – but it is higher than the college overall. The main reason those
students fail or withdraw before failing can be grouped into two columns: Those who are
overwhelmed early and withdraw before the first month is over; and those who don’t keep up
with the work, in spite of several warnings. In spite of Canvas notifications. They stop turning in
assignments, and the further they get behind, the less what we’re doing now makes any sense.
Skipping assignments creates a snowball effect, where the problem compounds with each
missed assignment. Most students who take the class a second time thrive because they know
what they have to do. All of this is to acknowledge that the solution to my “how to teach sports
students to code” problem isn’t without drawbacks.

Course links to broader curriculum
The course is required at the 300 level for sports media and communications majors. It’s
situated there because it relies upon them having taken a sports writing course at the 200 level
and it provides students with tools to help them in the capstone course at the 400 level.
Students can take the visualization tools they learned in the class and create visuals for courses
where they have to produce content – for more journalistic purposes or for marketing and
public relations purposes. Beyond the SPMC major, students from the class have been hired as
research assistants across campus – particularly in the social and political sciences -- because
they can code in R and create compelling visuals. They’ve been hired as UCARE researchers in
the college for faculty outside the SPMC major for the same reason. Students have also
reported to me that they ended up taking other courses in data analytics and statistics to build
on what they learned in the course. I also have a stack of a half-dozen grad school applications
that need letters of recommendation at any given time for students who took the class. It’s
rigorous, but students report that the skills they learned opened doors they didn’t know were
even there. For example, the Big Ten Conference just opened a data science and analytics
department during the semester of record for this portfolio, adding another potential employer
for students with these skills.

Analysis of learning
What follows is an analysis of learning in two parts. First is direct student feedback about the
tutorials and their impact on learning. The second is qualitative and quantitative measures from
assignments.

Student feedback
During the semester, I sent a survey out to the two sections of SPMC 350. All 36 of the students
in the two sections filled it out.

Of the respondents, 77.8 percent
of them reported very little to no
experience with code. Only two
students reported significant
experience with programming
before starting the class. Nearly
28 percent of the students

Figure 3: Student experience with code, where 1 is no experience and 5 is
significant experience.

reported being somewhat to fully
apprehensive about the class before it began.

Leading up to the first project, 92 percent of students reported doing the tutorials for every
assignment. Gradebook entries back this up – in my section of 21 students, nearly all students
completed the tutorials on every assignment. Only one student consistently appeared on the
list of those who did not. Others only missed one or two assignments.

A similar figure – 92 percent –
reported being able to follow
along with the tutorials, 78
percent agreed or strongly
agreed that the tutorials helped
them to complete the open

Figure 4: Survey responses regarding tutorials building confidence.

ended portions of the
assignments and 86 percent agreed or strongly agreed that the tutorials made them more
confident when it came to programming in R, one of the three main goals of the class.

After the final projects were done, I surveyed my section of 21 students about the tutorials and
their impact on their ability to complete the project assignments, which are worth 40 percent
of the student’s grade.

In that separate survey, 76 percent said they relied substantially or completely on the tutorials
to help them finish the assignments; 75 percent of the class said they referred to them
frequently to constantly for help or reference. In open ended feedback, students consistently
said the tutorials were helpful, and when prompted for criticism, they asked for more
examples. An example of such a comment: “I really liked them and found them extremely
helpful and easy to follow. If I had to change anything, I would add one more example on some
of the tutorials.”

Graded measures
One of the main goals of this project was to reduce the DFW number in the class. In a typical
semester, an average of two students withdraw or fail to get credit for the class because of
academic performance. The result of this semester is anecdotal, but interesting.

Of the 21 students who started in my section of the class, 21 students finished the class with a C
or better. For the first time since the Fall of 2018, not one student withdrew or failed to get
credit for the class in their major. One student in the class was taking it for the third time. She
reported withdrawing after a week the first time, and three weeks the second time. She
finished the class with an A- this semester.

A barometric measure of student performance comes from Slack, the communications platform
I use to interact with students when they need help. The Slack is one of the most frequently
cited features of the class that helps student performance. Students like and appreciate that
they can get help during most waking hours and I make it a point to respond quickly to get
them back on track during the time they are working on the assignments. Slack, unfortunately,
lacks the ability to tally the number of direct messages sent and received over a period of time.
So we are left with user impressions. And my sense is that the volume of Slack messages was
indeed lower this semester versus semesters past, but not substantially. Mostly, this could be
felt during project time. Typically, I give students more than a week without outside

assignments to work on the project. The volume of messages in the final weekend before the
project this semester was minimal – at most two students messaged me in the final 48 hours of
the deadline. In previous semesters, that number averaged around six. There are three possible
explanations for why this might be: 1. This difference isn’t meaningful given the variance in
students each semester. 2. This difference is due to this group of students working ahead
during the week and has nothing to do with any intervention on my part. 3. This difference is
because students were more independent and capable on their own and didn’t need me
because of the tutorials available to them.

The graded results of those projects do not provide any statistically significant differences in the
outcome between two classes. An analysis of project grades from the fall and spring are
confounded by significant changes in the rubrics of the two assignments. The prompts are the
same, and the supporting materials are identical. However, the current rubric is more detailed.
The previous rubric gave too much credit for some components and did not give credit for
others, which is why it was revised. And the current major project assignment requires a few
more steps for students than last semester’s, so the comparison isn’t one to one.

With that said, the grades on Major Assignment 1 from Spring 2022 and Fall 2021 are all but
identical. The average score between the two semesters is within a half a percentage point. For
Major Assignment 2, the Fall 2021 scores are two percentage points higher, but that is likely
owing to the previous rubric giving too much credit for certain things. Neither result, via a t
test, are significant. The difference is highly likely to be random, and we accept the null
hypothesis that the two groups are the same.

A positive interpretation of that lack of a difference could be that the DFW rate went down,
Slack support was subjectively less needed and there was no statistical difference in outcomes.
More students made it to the project, completed it and did well enough on it to pass the class.

Conclusion
The student feedback on the tutorials was almost universally positive. Having materials
perfectly tailored to the class at no cost to the students is an obvious winner. Less obvious is if
they actually impact outcomes. A positive interpretation of the data collected appears to show
that students believe the tutorials helped and made them more confident. No students
withdrew or failed, and grades on the most substantial assignments of the semester remained
identical, with confounding variables making that comparison difficult but at the very least
showing no harm was done to the outcome. A negative interpretation would be that the work
invested in creating these tutorials resulted in statistically identical results as the static version
with anecdotal evidence to support any positive outcomes.

This semester serves as the beta launch of the interactive tutorials. There is no greater revealer
of weaknesses in a product than live users. Two sections of students used these tutorials and
revealed bugs, sections that need more explanation and inconsistencies that can be corrected.
They also provided excellent feedback for future improvements. Students want more examples
– something that can be added. They asked for video tutorials, which are a good idea in certain
contexts. One student raised an issue that is implicitly discussed in class, but from their point of
view, needs to be more explicit. The work to do that has already begun.

The most substantial evidence that the tutorials were an effective tool comes from the students
themselves. This comment left on a course evaluation is indicative:

“Matt Waite truly made a difficult course more understandable. Coming into this class, I was
terrified that I would not succeed. Matt Waite made sure that every student in the classroom
always knew what was going on, and often stayed in his office long after class hours to ensure
that every student had support. He created entire data tutorials through code to help us with
our assignments. Without these tutorials, I am unsure if I would have made it through this class.
Truly grateful for the experience that I gained through this class. This class has opened many

doors of opportunity for me that I never knew existed. I am not sure I would have done well in
this class if it wasn't for Matt Waite and his passion to see students succeed.”

